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(57) ABSTRACT 

The invention relates to a device for continuously humidi 
fying and dehumidifying additional air from manufacturing 
processes and ventilating and air conditioning Systems. The 
inventive device is characterized by a membrane contactor 
(1) comprising a membrane. The additional air can be 
guided along one Side of the membrane and a hygroscopic 
fluid can be guided along the other Side of the membrane. A 
dosing device (22) is also provided in order to add water So 
that the water content of the hygroscopic fluid can be 
increased, in addition to a regenerator (7) enabling the water 
content of the hygroscopic fluid to be lowered. A control 
device connected to the dosing device (22) and the regen 
erator (7) controls the water content of the hygroscopic fluid 
in such a way that it is possible to Switch between humidi 
fication and dehumidification irrespective of the partial 
preSSure difference between the additional air and the hygro 
Scopic fluid. 
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DEVICE FOR CONTINUOUSLY HUMIDIFYING 
AND DEHUMIDIFYING ADDITIONAL AIR FROM 

MANUFACTURING PROCESSES AND 
VENTILATING AND AIR CONDITION SYSTEMS 

0001. The invention relates to a device for continuously 
humidifying and dehumidifying the feed air for manufac 
turing processes and ventilation and air conditioning instal 
lations. 

0002 The compressed air used as feed air for manufac 
turing processes or ventilation and air conditioning instal 
lations is usually dried by means of fixed-bed adsorption or 
gas permeation. By contrast, in the treatment of natural gas 
or in the drying of gases used in the chemical industry, the 
dehumidification is carried out by means of absorption 
processes. This requires the use of absorption columns, 
which are predominantly operated with hygroscopic glycol 
Solutions, e.g., polyethylene glycol or triethylene glycol, as 
absorber medium. Solutions of lithium chloride (Kathabar 
process) or other inorganic Salt mixtures are used as absorber 
medium in particular applications. On account of the aseptic 
action of the Salt Solution, these media are preferably used 
for air conditioning in areas of Sensitive hygiene (e.g., 
hospitals, the pharmaceutical industry, the food industry). 
Characteristics of these applications are often the desire for 
low dew points and high Volumetric flow rates. 
0003. In air conditioning technology for comfort air 
conditioning and for most industrial manufacturing pro 
cesses, a relatively high absolute humidity level is tolerated. 
For these applications, the most widespread technique used 
to Set the desired atmospheric humidity is thermal treat 
ment-cooling and condensation. The heat which is released 
during the cooling and condensation is dissipated by means 
of a refrigeration process. The cooled and dehumidified air 
often then has to be heated to the desired feed air tempera 
ture. In addition to the high energy required for cooling and 
heating, the formation of free water on the heat eXchanger 
Surface constitutes a further drawback. This water can cause 
considerable fouling problems in air conditioning Systems. 
These problems are intensified still further if air circuit is a 
relatively highly closed circuit. 
0004. In industrial manufacturing processes which 
require high humidity in the air (e.g., painting installations 
with water-based paint), dehumidification with absorbers is 
advantageous with a view to the energy Saving and micro 
biological impurity aspects. 

0005. However, a significant drawback of the use of 
absorber columns is the narrow working range within which 
they can operate reliably and efficiently. By way of example, 
it must be ensured that uniform contact between the air and 
the absorber medium is achieved over the entire exchange 
Surface area. Moreover, short-circuit flows must be avoided. 
Furthermore, it is necessary to prevent liquid droplets from 
being discharged from the column and passing into the 
manufacturing area together with the feed air. 
0006 By way of example, spray towers are used in 
conventional Systems for humidifying gas Streams. In this 
case, first of all the gas Stream is preheated, then the gas 
Stream which is to be humidified is passed through the Spray 
tower, the water being atomized in counter-current. A draw 
back of this arrangement is that liquid droplets are dis 
charged from the Spray tower and may pass into the manu 
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facturing area together with the feed air. Furthermore, it is 
impossible to Switch operation of the installation between 
humidification and dehumidification. 

0007. The prior art described above is explained in more 
detail by the documents cited below. 
0008. The abstract of JP 11051421 shows a structure 
comprising two membrane contactors with an absorber 
liquid circuit arranged between them. Feed air is humidified/ 
dehumidified by one of the membrane contactors. Outgoing 
air is humidified/dehumidified in the other membrane con 
tactor. In addition, heat can be introduced into the membrane 
contactor which is used as a regenerator and therefore 
indirectly also into the absorber liquid by heating the out 
going air by means of a heat eXchanger. 
0009 JP 07108127 describes exclusively the dehumidi 
fication of air. This is done by means of a membrane with the 
air flowing on one side of it and an absorber liquid flowing 
on the other Side of it. This liquid takes up excessive 
moisture and removes it from the region of the membrane. 
At another location of the absorber liquid circuit, the mois 
ture is expelled again, to which end the liquid is heated. 
0010) The abstract to JP 02140535 describes a membrane 
contactor which is Suitable for Setting a predetermined 
humidity by means of an absorber liquid. The drawings 
show a system which is comparable to that of JP 07108.127 
but which appears to be suitable for both humidification and 
dehumidification. 

0.011 JP abstract 05146627 describes a structure which is 
designed to be similar to abstract JP 11051421. In this case 
too, there is a circuit between two membrane contactors, 
eXchanging moisture between two gas Streams without any 
further devices. 

0012 WO 94/01204 describes a very general structure 
for purifying and humidifying/dehumidifying gases. In this 
case, a permeable membrane is used to remove the unde 
sirable constituents. Moreover, the humidification or dehu 
midification takes place through this membrane by means of 
a hygroscopic liquid, Since the membrane is also permeable 
to water vapor. The desired humidity is set by varying the 
moisture content of the hygroscopic liquid. For this purpose, 
the liquid is brought (heated or cooled) to a Suitable tem 
perature level and exposed to a Stripper gas through a 
membrane, So that in the hygroscopic liquid a moisture 
content is established as a function of its temperature. Then, 
the hygroscopic liquid is brought (heated or cooled) back to 
its required temperature level. This disadvantageously also 
entails a very high level of Outlay on apparatus and energy, 
Since it must be possible to implement both considerable 
heating and considerable cooling in order to vary the mois 
ture content in the hygroscopic liquid. 

0013 U.S. Pat. No. 3,064,952 does not use a membrane, 
but rather uses direct contact between the hygroscopic liquid 
and the air which is to be conditioned in order to transfer 
moisture between the media. The humidification/dehumidi 
fication of the feed air used in this case is effected by means 
of the quantity of hygroscopic Solution which is passed 
through the humidifier/dehumidifier, as well as by means of 
the heat which is introduced/extracted. The heat which is 
introduced/extracted, in the technique described in U.S. Pat. 
No. 3,064,952, is managed exclusively by means of exter 
nally Supplied temperature-control media. 
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0014 WO 96/33378 shows air conditioning effected by 
devices with a similar structure to U.S. Pat. No. 3,064,952. 
In this case, a brine/pickle is likewise atomized in the air 
which is to be conditioned. However, in the structure shown 
in WO 96/33378 there are two virtually identical units which 
both operate in the same way. The two units are in contact 
with one another, Since the brine is exchanged between the 
units through a heat eXchanger. In addition, heat eXchange 
takes place between the brines circulating in each of the 
units by means of a heat eXchanger circuit which, in addition 
to a pump, also has a throttle for expanding and thereby 
cooling the heat-transfer liquid used. The heat eXchangers 
therefore ensure that both Structures operate Similarly under 
comparable conditions. 
0.015. In connection with the further general prior art, 
reference should also be made to U.S. Pat. No. 2,433741, 
U.S. Pat. No. 6,036,746 and DE 19545 335 A. 
0016. It is an object of the invention to provide a device 
for continuously humidifying and dehumidifying the feed air 
for manufacturing processes or ventilation and air condi 
tioning installations which makes it possible to Switch 
between humidification and dehumidification with little out 
lay on energy and with a compact design. 
0.017. This object is achieved by the subject of patent 
claims 1 and 2. Advantageous embodiments of the invention 
form the subject matter of further claims. 
0.018. According to the invention, the device comprises 
the following components: 

0019 a membrane contactor with a membrane, it 
being possible for the feed air to be passed along one 
Side of the membrane and for a hygroscopic liquid to 
be passed along the other Side of the membrane; 

0020 a metering device for adding water in order to 
increase the water content of the hygroscopic liquid; 

0021 a regenerator for lowering the water content of 
the hygroscopic liquid; 

0022 a control device, which is connected to the 
metering device and the regenerator, for controlling 
the water content of the hygroscopic liquid, So that it 
is possible to Switch between humidification and 
dehumidification of the feed air as a function of the 
water vapor partial pressure difference between feed 
air and hygroscopic liquid. 

0023 Continuous humidification and dehumidification of 
the feed air can be achieved by means of the membrane 
contactor which is in flow communication with the regen 
erator. With the device according to the invention, it is 
possible, without having to exchange the components, on the 
one hand to maintain continuous operation for humidifica 
tion of feed air and on the other hand to maintain continuous 
operation for dehumidification offeed air, and also to Switch 
between the two operating modes. 
0024. A partial pressure difference for the water content 
results between the hygroscopic liquid and the feed air as a 
function of the temperature and water content of the hygro 
Scopic liquid and the feed air. The temperature and the water 
content of the hygroscopic liquid can be set by means of the 
control device. If the partial pressure of the water in the 
hygroscopic liquid is higher than the partial preSSure of the 
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water in the feed air, water is discharged from the hygro 
Scopic liquid and as a result the feed air is humidified. On the 
other hand, if the partial pressure of the water in the 
hygroscopic liquid is lower than the partial pressure of the 
water in the feed air, the feed air is dehumidified. Therefore, 
it is possible to Switch between humidification and dehu 
midification of the feed air by means of a control device for 
controlling the temperature and moisture content of the 
hygroscopic liquid. 

0025. During humidification, the regenerator can be 
Switched off, Since this does not require any regeneration of 
the hygroscopic liquid. Therefore, the result is a low energy 
consumption on the part of the device according to the 
invention. 

0026. In addition to these features, which are identical for 
both configurations of the invention, the following com 
ments also apply to the two Solutions according to the 
invention presented in claims 1 and 2: 
0027. In the configuration of the invention presented in 
claim 1, the membrane contactor, the metering device for 
adding water and the regenerator are connected into a circuit 
for the hygroscopic liquid. It is advantageous for a heat 
eXchanger through which the hygroscopic liquid is passed to 
be connected into the circuit. The heat eXchanger can control 
the temperature of the hygroscopic liquid. The heat 
eXchanger cools the hygroscopic liquid fed to the membrane 
contactor and in parallel therewith also heats the hygro 
Scopic liquid fed to the regenerator. 
0028. The hygroscopic liquid is advantageously passed 
through the device according to the invention inside a circuit 
by means of a pump. 
0029. In the embodiment of the invention presented in 
claim 2, there are two circuits for the hygroscopic liquid. 
The membrane contactor and the metering device for adding 
water are connected into the first circuit. The regenerator is 
connected into the second circuit. Therefore, for humidifi 
cation of the feed air, the Second circuit, which includes the 
regenerator, can be decoupled, Since in this case there is no 
need to regenerate the hygroscopic liquid. 

0030. In the first circuit, there is at least one feed line, by 
means of which a partial stream can be branched off from the 
first circuit from the hygroscopic liquid and fed to the first 
circuit. Therefore, Some of the hygroscopic liquid can be 
passed from one circuit into the other circuit through these 
feed lines. 

0031. These feed lines are advantageously passed 
through a heat eXchanger. This heat eXchanger heats the 
partial Stream of the hygroscopic liquid passed from the first 
circuit to the Second circuit. In parallel, the heat eXchanger 
cools the partial Stream of the hygroscopic liquid which is 
passed from the Second circuit into the first circuit. 
0032. A further heat exchanger for controlling the tem 
perature of the hygroscopic liquid is expediently connected 
upstream of the membrane contactor and/or upstream of the 
regenerator. 

0033. The membrane contactor is advantageously 
equipped with a microporous (pore width 0.1 um-0.2 um), 
hygrophobic membrane, e.g., polytetraflourethylene, 
polypropylene, polyvinyl difluoride or polySulphone. The 
pore of the membrane are not wetted by the hygroscopic 
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liquid and remain as far as possible filled with air. The 
Significantly more rapid diffusion in air-filled pores results in 
a lower transfer resistance in hydrophobic membrane mate 
rials compared to hydrophilic membrane materials. 
0034. The membrane within the membrane contactor 
defines a controlled exchange area between the hygroscopic 
liquid and the feed air which is to be conditioned. This 
prevents phase dispersion of the hygroscopic liquid and of 
the feed air, allowing phase Separation without gravity 
effects. 

0035. The membrane within the membrane contactor is 
advantageously designed as a hollow fiber and has the 
hygroscopic liquid flowing through it. The result is a large 
Specific volume-related exchange Surface area, in particular 
of 100 m/m to 500 ml/m. Furthermore, a compact struc 
ture can be achieved by designing the membrane as a hollow 
fiber. 

0.036 The hygroscopic liquid is advantageously a highly 
concentrated aqueous Solution of polyhydric alcohols, e.g., 
ethylene glycol or glycerol, or a highly concentrated acque 
ous Salt Solution of hygroscopic Salts with a biocidal action, 
e.g., lithium chloride or Kathene. This prevents pathogenic 
microorganisms from entering the feed air for the manufac 
turing proceSS or for the ventilation and air conditioning 
installation during the humidification or dehumidification. 
0037. In an advantageous embodiment of the device 
according to the invention in ventilation ducts for the feed 
air for manufacturing processes or ventilation and air con 
ditioning installations, in particular painting installations, 
the membrane contactor may comprise a multiplicity of 
hollow fibers. The hollow fibers are arranged within the 
ventilation duct in Such a manner that the flow in the 
ventilation duct impinges on the hollow fibers at an angle of 
less than 90°, in particular of between 30° and 60°. 
0.038. As a result of this arrangement of the hollow fiber 
modules within the ventilation duct which is favorable in 
terms of fluid dynamics, the feed air flows through a large 
area of the hollow fibers. As a result, the pressure loss of the 
flow in the ventilation duct is Significantly reduced. 
0039. In an advantageous embodiment, the hollow fibers 
cover Substantially the entire croSS Section of the ventilation 
duct. 

0040. The hollow fibers can expediently be combined in 
hollow fiber modules, making them easy to handle. 
0041 Further advantages of the device according to the 
invention are as follows: 

0.042 
sible, 

0043 the high flexibility in the operational produc 
tion Sequence of manufacturing processes or venti 
lation and air conditioning installations, avoiding 
flooding or discharge of absorber solution with the 
air Stream, 

0044 the sterile humidification and dehumidifica 
tion of the feed air, 

0045 the elimination of the demisters which in 
conventional humidification with Spray registers 
(e.g., a spray tower) filter out the droplets which are 
present in the feed air, 

retrofitting in existing ventilation ducts is pos 
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0046 there is no need to clean the scrubber, 
0047 humidity and temperature control in one sys 
tem becomes possible, 

0048 the reheating of the feed air required with 
condensation dehumidification is eliminated, 

0049 a compact design, 
0050 the prevention of fouling problems, 
0051 reduced energy consumption. 

0052 The device according to the invention can advan 
tageously be used in Ventilation ducts of, for example, 
painting installations, hospitals, production rooms in the 
pharmaceutical or food industries. 
0053. Further advantageous embodiments of the inven 
tions are described in more detail below with reference to 
figures, in which: 
0054 FIG. 1 shows a first exemplary embodiment of a 
device according to the invention for humidification and 
dehumidification with one circuit for the hygroscopic liquid, 
0055 FIG. 2 shows a second exemplary embodiment of 
a device according to the invention for humidification and 
dehumidification, with two circuits for the hygroscopic 
liquid, 

0056 FIG. 3 shows the flow conditions in a membrane 
contactor, which is designed as a hollow fiber module, in 
croSS current form, 

0057 FIG. 4 shows a further exemplary embodiment of 
the device according to the invention, which is integrated in 
a ventilation duct, 
0058 FIG. 5 shows a diagram illustrating the energy 
Saving achieved by membrane absorption compared to con 
densation for an example of an application of the device 
according to the invention in a painting process. 
0059. In a first exemplary embodiment, FIG. 1 shows the 
device according to the invention for the humidification and 
dehumidification of feed air, the membrane contactor 1 and 
the regenerator 7 being connected in a common circuit. The 
regenerator 7 may, for example, be a membrane contactor, a 
packed column, an evaporator or a desorber. 
0060. In the membrane contactor 1, the feed air which is 
to be conditioned is brought into contact with the hygro 
Scopic liquid. In the process, the feed air, e.g., fresh air or 
recirculated air, is passed through the membrane contactor 1 
via one side of the membrane by means of a blower. The 
feed air and the hygroscopic liquid are separated by the 
membrane. A blower 14 finally carries the conditioned feed 
air out of the membrane contactor 1. 

0061 Abuffer tank 3 for holding and storing the hygro 
Scopic liquid is connected downstream of the membrane 
contractor 1. A pump 4 conveys the hygroscopic liquid out 
of the buffer tank 3 through an internal heat exchanger 5 and 
a heater 6 to the regenerator 7. The internal heat eXchanger 
5 and the heater 6 heat the hygroscopic liquid to the 
temperature required for regeneration in the regenerator 7. In 
this case, the heating medium used may, for example, be the 
waste heat from heating and power plants. The hygroscopic 
liquid is usually heated to a temperature of approx. 50 
C.-70° C. 
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0062) The heated hygroscopic liquid is atomized in the 
regenerator 7 in a column, for example a packed column, 
and brought into contact with the regeneration air, which is 
passed in countercurrent through the regenerator 7. The 
regeneration air takes up the water from the atomized 
hygroscopic liquid and is conveyed out of the regenerator 7 
as waste air by means of a blower 15. 
0.063 Alternatively, the regeneration of the hygroscopic 
liquid may take place in an evaporator in which the water 
Vapor is expelled from the hygroscopic liquid. This repre 
Sents a useful alternative if inexpensive Superheated Steam is 
available on account of the operationally Specific boundary 
conditions. 

0064. The hygroscopic liquid, which has been concen 
trated as a result of the regeneration, passes into a further 
buffer tank 9 in the regenerator outlet 8. A pump 10 conveys 
the hygroscopic liquid, in the absorber feed 11, from the 
buffer tank 9 through the internal heat exchanger 5 and a 
further heat eXchanger 12 into the membrane contactor 1, 
with the result that the circuit is closed. 

0065. When the device according to the invention is 
operating for humidification of the feed air, water is added 
to the hygroscopic liquid. For this purpose, there is a 
metering device 22 which meters water into the buffer tank 
9. The water may be metered exclusively into the buffer tank 
3 or alternatively may be metered into both buffer tanks 3, 
9. Furthermore, however, it is also possible for the water to 
be passed directly into the circuit instead of into a buffer 
tank. 

0.066 Depending on the particular application of the 
device according to the invention, the heat eXchanger 12 and 
the internal heat eXchanger 5 are used for cooling or heating. 
In the case of humidification of the feed air, the hygroscopic 
liquid is preheated in the internal heat eXchanger 5 and is 
heated to the appropriate entry temperature to the membrane 
contactor 1 in the heat eXchanger 12. In the case of dehu 
midification, the internal heat eXchanger 5 precools the 
hygroscopic liquid, and the heat eXchanger 12 connected 
upstream of the membrane contactor 1 cools the hygroscopic 
liquid to the appropriate entry temperature to the membrane 
contactor 1. In this context, an appropriate entry temperature 
to the membrane contactor 1 is to be understood as meaning 
the temperature at which a partial preSSure difference for the 
water content in the feed air and the hygroscopic liquid is Set 
in Such a manner that humidification or dehumidification of 
the feed air is possible according to the particular applica 
tion. 

0067. The heat exchanger 12 may, for example, be oper 
ated with cooling tower water, Surface water or well water, 
which optimizes energy efficiency. 

0068. This method variant for online regeneration is 
particularly advantageous if the recirculated air or fresh air 
fed to the membrane contactor 1 has a high humidity level. 
0069 FIG. 2 shows a second embodiment of a process 
Structure of the device according to the invention for the 
humidification and dehumidification of feed air, the mem 
brane contactor 1 and the regenerator 7 being connected into 
two separate circuits, an absorber circuit 16 and a regenera 
tor circuit 17. The two separate circuits are connected to one 
another by an internal heat exchanger 5. With the aid of 
measurement and control technology, it is possible to Set the 
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temperature, the Volumetric flow and the concentration of 
the water content in the hygroscopic liquid Separately in the 
absorber circuit 16 and in the regenerator circuit 17. 
0070 The air which is to be conditioned, e.g., fresh air or 
recirculated air, is passed through the membrane contactor 1 
as described in the first exemplary embodiment. 
0071. In the absorber circuit 16, the hygroscopic liquid is 
pumped through the membrane contactor 1 by means of a 
pump 4. A buffer tank 3 and a heat eXchanger 12 are 
connected downstream of the membrane contactor 1. 

0072. When the device according to the invention is 
operating for the purpose of dehumidification, the hygro 
Scopic liquid has to be regenerated. For this purpose, there 
is a line 18 in the absorber circuit 16 which passes a partial 
Stream of the hygroscopic liquid out of the absorber circuit 
16 through an internal heat exchanger 5 into the buffer tank 
9 of the regenerator circuit 17. At the same time, there is a 
further line 19 which passes a partial Stream of the regen 
erated hygroscopic liquid out of the regenerator circuit 17 
through the internal heat exchanger 5 into the buffer tank 3 
of the absorber circuit 16. 

0073. The internal heat exchanger 5 is used on the one 
hand to preheat the hygroscopic liquid fed to the regenerator 
circuit 17. On the other hand, the heat exchanger 5 cools the 
hygroscopic liquid which is passed out of the regenerator 
circuit 17 into the absorber circuit 16. 

0074. In the regenerator circuit 17, a pump 10 conveys 
the hydroscropic liquid out of the buffer tank 9 through a 
heater 6 into the regenerator 7. In the regenerator 7, the 
hygroscopic liquid is atomized, as described in FIG. 1. The 
concentrated hygroscopic liquid then flows into the buffer 
tank 9, with the result that the regenerator circuit 17 is 
closed. The liquid-laden regeneration air is discharged from 
the regenerator 7 as waste air by means of a blower 15. 
0075) When the device according to the invention is 
operating for the purpose of humidifying the feed air, water 
is added to the hygroscopic liquid in the buffer tank 3 via a 
metering device 22. The hygroscopic liquid which has been 
diluted with water is heated to an appropriate entry tem 
perature to the membrane contactor 1 in the heat eXchanger 
12 and is conveyed into the membrane contactor 1. In the 
membrane contactor 1, virtually all the water from the 
hygroscopic liquid is released to the feed air. Since there is 
no need to regenerate the hygroscopic liquid during the 
humidification operation, the regenerator 7 can be Switched 
off. 

0.076 FIG. 3 shows, by way of example, the flow con 
ditions in a membrane contactor designed as a hollow fiber 
module in a cross-current arrangement. The hollow fiber 
module is distinguished by the fact that the microporous 
hydrophobic membrane is designed as a hollow fiber. There 
fore, a multiplicity of individual hollow fibers are combined 
in a hollow fiber module, the hygroscopic liquid flowing 
through the hollow fibers on the lumen side (in the interior 
of the hollow fiber). The air which is to be conditioned is 
guided past the Outer Side of the membrane. In the croSS 
current arrangement illustrated, the air which is to be con 
ditioned impinges vertically on the hollow fibers. 
0.077 FIG. 4 shows a further exemplary embodiment of 
the device according to the invention in a ventilation duct. 
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In this case, the membrane contactor 1 fills up the area of the 
entire cross section of the ventilation duct 20. The mem 
brane contactor 1 comprises a multiplicity of individual 
hollow fiber modules 21 which comprise a multiplicity of 
hollow fibers. These hollow fiber modules 21 are in turn 
connected to one another, So that the hygroscopic liquid in 
the hollow fibers is distributed over the entire cross section 
of the ventilation duct 20. 

0078. To reduce the flow resistance in the ventilation duct 
20, the hollow fiber modules 21 are arranged in the venti 
lation duct 20 in a manner which is favorable in terms of 
fluid dynamics. The flow in the ventilation duct 20 in this 
case impinges on the hollow fiber modules 21 at an angle C. 
of less than 90°, in particular between 30° and 60°. This 
arrangement ensures a greater area for fluid to flow through 
compared to an arrangement in which the fluid flows per 
pendicularly onto the surface of the hollow fiber modules 21. 
This firstly allows better exchange between the feed air and 
the hygroscopic liquid. Secondly, this arrangement reduces 
the pressure loss of the flow during flow through the hollow 
fiber modules 21. 

0079 The device according to the invention is particu 
larly Suitable for use in the conditioning of the feed air in a 
painting process in the automotive industry. In this applica 
tion, it is necessary to maintain a predetermined painting 
operation window in terms of temperature and relative 
atmospheric humidity. The result of this is that in winter 
operation the outside air fed to the process has to be heated 
and humidified, while in Summer conditions this outside air 
has to be cooled and dehumidified. This operation can be 
carried out by means of the dehumidification presented 
above by membrane absorption in combination with control 
of the air temperature. 
0080 FIG. 5 presents the process of dehumidification by 
means of condensation and the process of dehumidification 
by means of membrane absorption for a Specific outside air 
State A and a predetermined target value Z for the feed air in 
the form of a Mollier hx diagram. State A and target value 
Z are given in the Mollier hx diagram for a defined tem 
perature with a corresponding humidity. In the Mollier hx 
diagram, h denotes the enthalpy in kJ per kg of dry air and 
X denotes the water content in g per kg of dry air. (p denotes 
the relative humidity of the air in percent. 
0081. The energy saving which results from the dehu 
midification by means of membrane absorption compared to 
the dehumidification by means of condensation is explained 
on the basis of two examples. 

EXAMPLE 1. 

0082) 

Outside air value A at Xoutside = 20.6 g of H2O/kg of dry air (c) = 
T = 27 C. 90%) 

houtside = 79.5 kJ/kg 
Target value Z for feed air at Xase = 14.7 g HO/kg of dry air (a) = 
T = 27 C. 65%) 

harget = 63.6 kJ/kg 
Required air quantity L 150000 kg?h 

0.083. In the case of membrane absorption, to dehumidify 
the outside air the enthalpy difference between the enthalpy 
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hit of the outside air value A and the enthalpy of the 
target value Z of the feed air has has to be consumed. This 
enthalpy difference Ah, with the values given, is 15.9 
kJ/kg. Combined with the required air quantity L, the result 
is an energy of 652.5 kW which is required to dehumidify 
the outside air to the predetermined target value Z for the 
feed air. 

0084. In the case of dehumidification by condensation, 
the outside air firstly has to be cooled to a temperature Tw 
below the dew point. This corresponds to a temperature of 
20° C. with the enthalpy h =57.9 kJ/kg. The enthalpy 
difference Aha between the enthalpy of the outside air and 
the enthalpy when the temperature drops below the dew 
point is therefore 21.6 kJ/kg. In combination with the 
required air quantity L, therefore, the result is an energy of 
900.0 kW being required to dehumidify the outside air to the 
predetermined target value Z for the feed air by means of 
condensation. 

0085. This represents an energy savings of approx. 26%. 
This energy Savings increases the lower the target humidity 
becomes. 

EXAMPLE 2 

0086) 

Outside air value A at Xoutside = 20.6 g of H2O/kg of dry air (c) = 
T = 27 C. 90%) 

houtside = 79.5 kJ/kg 
Target value Z, for feed air at xase = 4.47 g HO/kg of dry air (a) = 
T = 27 C. 20%) 

htarget = 38.4 kJ/kg 
Required air quantity L 150000 kg/h 

0087. In the case of dehumidification by means of con 
densation, the outside air must firstly be cooled to T=2 
C., corresponding to an enthalpy h of 13.3 kJ/kg. With the 
required air quantity L and the enthalpy difference Aha of 
66.2 kJ/kg between his and hew, this results in a 
required cooling energy of 2758.3 kW. 
0088. In the case of dehumidification by means of mem 
brane absorption, this cooling energy is reduced to 1712.5 
kW, resulting in an energy Savings of approx. 38% compared 
to dehumidification by means of condensation. 

List of Reference Symbols 
0089) 1 Membrane contactor 
0090) 3, 9 Buffer tank 
0091) 4, 10 Pump 

0092] 14, 15 Blower 
0093 5 Internal heat exchanger 

0094) 6 Heater 
0095 7 Regenerator 

0096) 11 Heat exchanger 

0097. 16 Absorber circuit 
0.098 17 Regenerator circuit 



US 2004/0099140 A1 

0099) 18 Feed line from absorber circuit into regen 
erator circuit 

0100 19 Feed line from regenerator circuit into 
absorber circuit 

0101) 20 Ventilation duct 
0102) 21 Hollow fiber module 
0103). 22 Metering device for water 
0104. A Outside air value 
0105 Z. Target value 
0106 L Air quantity 
0107 C. Angle 
1. A device for continuously humidifying and dehumidi 

fying the feed air for manufacturing processes or ventilation 
and air conditioning installations, having 

a membrane contactor (1) with a membrane, it being 
possible for the feed air to be passed along one Side of 
the membrane and for a hygroscopic liquid to be passed 
along the other Side of the membrane, 

a regenerator (7) for lowering the water content of the 
hygroscopic liquid; 

characterized by 
a metering device (22) for adding water in order to 

increase the water content of the hygroscopic liquid; 
a control device, which is connected to the metering 

device (22) and the regenerator (7), for controlling the 
water content of the hygroscopic liquid, So that it is 
possible to switch between humidification and dehu 
midification of the feed air as a function of the water 
Vapor partial preSSure difference between feed air and 
hygroscopic liquid; 

a circuit for the hygroscopic liquid, in which the mem 
brane contactor (1), the metering device (22) for adding 
water and the regenerator (7) are connected; and 

a heat exchanger (5), which is arranged in the circuit, 
cools the hygroscopic liquid passed from the regenera 
tor (7) to the membrane contactor (1) and at the same 
time heats the hydroscopic liquid passed from the 
membrane contactor (1) to the regenerator (7). 

2. A device for continuously humidifying and dehumidi 
fying the feed air for manufacturing processes or ventilation 
and air conditioning installations, having 

a membrane contactor (1) with a membrane, it being 
possible for the feed air to be passed along one Side of 
the membrane and for a hygroscopic liquid to be passed 
along the other Side of the membrane, 

a regenerator (7) for lowering the water content of the 
hygroscopic liquid; 
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characterized by 
a metering device (22) for adding water in order to 

increase the water content of the hygroscopic liquid; 
a control device, which is connected to the metering 

device (22) and the regenerator (7), for controlling the 
water content of the hygroscopic liquid, So that it is 
possible to switch between humidification and dehu 
midification of the feed air as a function of the water 
Vapor partial pressure difference between feed air and 
hygroscopic liquid; 

two circuits for the hygroscopic liquid, the membrane 
contactor (1) and the metering device (22) for adding 
water being connected in the first circuit and the 
regenerator (7) being connected in the Second circuit, at 
least one feed line (18) being present, by means of 
which a partial stream can be branched off from the 
hygroscopic liquid in the first circuit and fed into the 
second circuit, and at least one further feed line (19) 
being present, by means of which a partial Stream can 
be branched off from the hygroscopic liquid in the 
Second circuit and returned to the first circuit, and 

a heat exchanger (5) through which the feed lines (18, 19) 
are passed. 

3. The device as claimed in one of the preceding claims, 
characterized in that the membrane within the membrane 
contactor (1) is a microporous, hydrophobic membrane. 

4. The device as claimed in one of the preceding claims, 
characterized in that the membrane is formed as a hollow 
fiber through which the hygroscopic liquid flows. 

5. The device as claimed in one of the preceding claims, 
characterized in that the regenerator (7) is a membrane 
contactor, a packed column or an evaporator. 

6. The device as claimed in one of the preceding claims, 
characterized in that the hygroscopic liquid is a highly 
concentrated aqueous Solution of polyhydric alcohols, e.g., 
ethylene glycol or glycerol, or a highly concentrated acque 
ous Salt Solution of hygroscopic Salts with a biocidal action, 
e.g., lithium chloride or Kathene. 

7. The device as claimed in one of the preceding claims, 
characterized in that a heat exchanger (6,12) for controlling 
the temperature of the hygroscopic liquid is present 
upstream of the membrane absorber (1) and/or upstream of 
the regenerator (7). 

8. The device as claimed in one of the preceding claims, 
characterized in that the membrane contactor (1) comprises 
a multiplicity of hollow fibers which are arranged within a 
flow duct (20) for the feed air, the flow in the ventilation duct 
(20) impinging on the hollow fibers at an angle of less than 
90°, in particular between 30° and 60°. 

9. The device as claimed in claim 11, characterized in that 
the membrane contactor (1) covers Substantially the entire 
cross section of the flow duct (20). 
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